This paper examines the impact of imposing different separability assumptions in the specifications of the standard hierarchical KLEM production function in a computable general equilibrium (CGE) model. The appropriate means of introducing energy to sectoral production functions in CGE models has been a source of debate for a number of years.
An investigation of issues relating to where energy should enter the production function 1 Introduction
The appropriate specification of nested production functions in computable general equilibrium (CGE) models, and associated use of 'separability assumptions', has been the source of debate in the literature for a number of years (see, for example, Hertel and Mount, 1985; Despotakis and Fisher, 1988; Li and Rose, 1995; Naqvi, 1998) . In particular, this debate has focussed on the specification of KLEM functions, which incorporate and distinguish capital, labour, energy and material inputs. However, while parametric sensitivity analyses of CGE model results to model specification are common, these rarely (if ever) include consideration of alternative structures in the production function. This paper extends on previous sensitivity analyses of KLEM model results for the Scottish economy (e.g. see Anson and Turner, 2009, and Hanley et al, 2009) , which focus on values attached to elasticities of substitution within the KLEM production function. However, the current paper focuses on the impact of varying the structure of the production function itself; that is the manner in which energy is introduced as an input to production.
The empirical analysis in this paper focuses on introducing a very simple change in economic activity that would be expected to have a short-run impact on relative input, especially energy, prices in the KLEM production function. We then examine the sensitivity of key results to alternative nestings of the KLEM production function, with particular attention to the point at which energy enters. Moreover, the simulation is designed to produce changes in prices that are transitory so to allow us to confirm that the particular nesting of the production function only matters relative prices change.
The specific simulation involves introducing a disturbance to export demand for the outputs of the (relatively energy intensive) Scottish energy supply sectors. A simple demand disturbance is used because, in the absence of any lasting constraints on supply, the CGE simulations should produce input-output type results over the long-run, with prices returning to their pre-shock levels (McGregor et al., 1996) . We further simplify by assuming the nominal price of labour is determined exogenously (e.g. a national bargaining scenario in the regional model). This makes the supply of labour completely elastic while capital supply is completely inelastic in the short run. This implies that the source of all price changes in Scottish production sectors is changes in the capital rental rate up to the point where capital stocks are fully adjusted in response to the shock. Thus, with no long-run run change in relative input prices, the impact on macroeconomic variables should be the same regardless of the nesting of the production function. The model confirms these results. However, the short-run impact is sensitive to the particular nesting of the production function. More generally, we would only expect differing price elasticities between inputs, either directly imposed or implied by the nesting of the production function, to matter where relative prices change. Thus, the sensitivity of results to the nesting of the production function, and elasticities imposed therein, observed here in the short-run would be expected over the longer run where there is a lasting impact on relative prices. This would occur, for example, in the presence of supply constraints and/or increased efficiency in the use of any input to production.
The remainder of the paper is structured as follows. Section 2 reviews the relevant literature concerning the introduction of energy as an input to production through nested KLEM production functions in a CGE context. Section 3 outlines the AMOSENVI CGE model of the Scottish economy. Section 4 then presents and discusses the results of simulating a simple (export) demand shock targeted at the domestic energy supply sector under different specifications of the KLEM production function. We offer a summary and conclusions in Section 5.
2 The introduction of energy to KLEM nested production functions Berndt and Wood (1975) noted that industrial energy demand is a derived demand initiated in the production process. This implies that, as with other inputs, industrial energy demand from a particular sector is dependent on the level of output, relative prices and the degree of technical flexibility. For this reason many analysts have sought to identify the appropriate technology for combining energy with other production inputs (e.g. Griffin and Gregory, 1976; Berndt and Wood, 1979; Morrison and Berndt, 1981; Pindych and Rotemberg, 1983; Solow, 1987) . Flexible functional forms are sometimes used in CGE models in the form of cost functions, as the dual to the production function. For example, Despotakis and Fisher (1988) and Li and Rose (1995) use Generalised Leontief, and Hertel and Mount (1985) a Translog cost function in their energy/environmental CGE models. However, the use of nested CES production functions has become more common in studies that use capital, labour, energy and materials in the so-called KLEM production functions (e.g. Prywes, 1986; Chang, 1994; Kemfert, 1998; Kemfert and Welsch, 2000 and Kuper and Van Soest, 2002) .
Nested CES production functions (with Cobb-Douglas, CD, and Leontief technology used as special cases where elasticities of substitution are set at 1 or 0 respectively) are commonly used in CGE models in general (see Perroni and Rutherford, 1995) , and specifically in energy/environmental CGE models (e.g. Allan et al, 2007; Beauséjour et al, 1994 Beauséjour et al, , 1995 Beghin et al, 1995, Böhringer and Rutherford, 1997; Hanley et al, 2006 Hanley et al, , 2009 Kamat et al, 1999; Naqvi, 1998; Stephan et al, 1992; Turner, 2008 Turner, , 2009 Zhang, 1998) .
The key characteristic of nested CES production functions is that each nest consists of an individual production function where the elasticity of substitution is the same regardless of factor proportions and scale (i.e. a constant elasticity of substitution all along the slope of each and every isoquant). For any one CES relationship, the elasticity of substitution must be the same among all factors. Appropriate nesting of CES relationships within a hierarchical structure is used to enhance the flexibility of the CES function. For example, in the threeinput case of capital, labour and energy inputs, this can look like Figure 1 . Using such a hierarchical production function means that the elasticity of substitution between inputs, usually pairs, combined in different nests (levels) potentially differ. For example, in Figure 1 , the value of the elasticity of substitution between capital and energy (K and E) in the capitalenergy composite input (or nest) is  KE . Similarly, the elasticity of substitution between this composite and labour is  L(KE) . Adopting this production structure allows these elasticities to differ. Moreover, the relationships specified in the various nests need not all be of CES form.
As mentioned already, CD and/or Leontief relationships can be specified at different levels between different pairs of inputs, where appropriate.
[Insert Fig 1 around here]
However, this type of nested production structure still retains a degree of inflexibility in that it requires the imposition of separability among the inputs. This separability argument is concerned with the fact that CES/CD production functions usually only allow substitutions between pairs of inputs at any level in the hierarchy.
1 At least one of these inputs typically is a composite input resulting from substitution between another pair of inputs at a lower level.
For example, in Figure 1 this is the case with the composite capital-energy, KE, input. This has the implication that both of the inputs incorporated in the composite must substitute equally well for the third input. In the Figure 1 example, where labour substitutes for the capital/energy aggregate, this means that capital and energy must both substitute equally well for labour.
Such 'separability' assumptions could lead to important substitution effects being lost.
Specifically, again using Figure 1 as an example, any response of the capital-energy input ratio in response to a change in the price of labour that is attributable to differences in the relative substitutability of capital or energy for labour will not be captured. For this reason Hertel & Mount (1985) , Depotakis & Fisher (1988) and Li & Rose (1995) argue that it is more appropriate to adopt some type of flexible functional form (FFF) production function.
2
The idea is to make the production function as flexible as possible by minimising the number of prior assumptions about its form. Models that use a FFF tend to work with cost functions, as dual to the production function. For example, Depotakis & Fisher (1988) and Li & Rose (1995) both use Generalised Leontief (GL), and Hertel & Mount (1985) use a Translog cost function. These authors argue that adopting this approach means that the production function is derived via the cost function, rather than being directly imposed by the modeller.
However, while the basic idea of making the production function as flexible possible by minimising the number of prior assumptions about its form is a valid one, the argument over 1 See Uzawa (1962) for a more extended discussion.
2 Hertel (1988) demonstrates the separability argument analytically using a 2-sector model with 3 primary factors.
whether to use nested CES or FFF is likely to boil down to a trade off between flexibility and tractability. In a model with a highly detailed treatment of energy, Naqvi (1998) argues that, where there are multiple inputs and/or multiple sectoral outputs, separability assumptions are necessary from a practical point of view. Indeed, Hertel and Mount (1985) , Depotakis and Fisher (1988) and Li and Rose (1995) and Goulder, 1984; Conrad, 1999; Turner, 2008 Turner, , 2009 . However, the CGE modelling literature lacks any attempt to test the sensitivity of results to different specifications of hierarchical production functions. Indeed, there is an absence of any explicit discussion of why energy would enter at different levels of the production function. The aim of the current paper is to make a first step in redressing this gap in the literature by considering the sensitivity of the results of an illustrative demand shock to two alternative hierarchical specifications of the KLEM production function. These two specifications are first where energy is introduced to first the intermediates block and second as a direct substitute for capital in the value-added block. The simulations are performed using a CGE modelling framework parameterised on Scottish data.
General model description
In this paper we develop the AMOSENVI CGE modelling frameworks of the Scottish economy that has been employed in our previous research (Anson and Turner, 2009; Hanley et al., 2006 Hanley et al., , 2009 and Turner, 2008) . AMOSENVI is the energy-economy-environment version of the basic AMOS CGE framework developed by Harrigan et al (1991) . Here, we focus on the novel elements of model specification applied in this paper.
We develop the Scottish model to allow a more flexible treatment of energy as an input to production. To this end, the AMOSENVI model is extended to allow simulation with two alternative nested KLEM production functions, as shown in Cases A and B in Figure 2 below. Note that it is possible to specify further alternative production functions, for example, with energy entering at the same nest as labour instead of capital (in Case B), or at a higher nest, combining with the labour-capital value-added composite.
One crucial point to note here is that in any of the KLEM production functions we specify in AMOSENVI Energy is treated as a produced input. That is, energy is the output of the Scottish Energy Production (ENE) sector and of the corresponding rest of UK (RUK) and rest of the world (ROW) sectors from which Scottish producers and final consumers import. As explained by Anson and Turner (2009) disaggregation. The current model is limited to six production sectors to allow us to solve for the complex variation in the hierarchical production structure. However, we aim to reintroduce more sectoral disaggregation in future applications. Here, The Energy Production (ENE) sector is an aggregation of the 'Coal -extraction', 'Oil -refining and distribution of oil and nuclear', 'Gas production and distribution' and 'Electricity production and distribution' sectors identified in the Anson and Turner (2009 ), Hanley et al. (2006 , 2009 ), and Turner (2008 applications using the Scottish AMOSENVI framework.
Households, Firms and Government are the three domestic institutional sectors. Households'
and firms' behaviour are the result of an optimization process with myopic expectations;
Government real consumption is held constant in the current application (though this can be endogenised). The external institutions are divided into RUK and ROW. Since Scotland is too small for any price effects in international market to feed back to the target economy, we adopt assumptions typically used for a small open economy in ROW prices are taken to be exogenous. Within the UK, we assume that Scotland is a price taker in all markets so that RUK prices can also be taken as exogenous.
Intermediate, capital and consumption goods produced locally and imported are considered as imperfect substitutes. Scottish regional goods combine with imported goods under the so called Armington assumption (Armington, 1969 ) through a CES function (see below).
The outputs of Scottish production sectors are purchased by industries and by domestic and external final consumers. Each industry in the region produces commodities that can be exported or sold in the regional market. An export demand function closes the model where external demand is sensitive to changes in relative prices between domestic and external prices.
Labour and capital stocks are fixed in the short-run, which (given the time period covered by the SAM) we take to be the first year after a disturbance is introduced. Thereafter, adjustment is made to long-run equilibrium, where both labour and capital stocks are fully adjusted.
Within each period, both the total capital stock and its sectoral composition are fixed. Each sector's capital stock is then updated between periods via a simple capital stock adjustment procedure, according to which investment equals depreciation plus some fraction of the gap between the desired and actual capital stock. The desired capital stock is determined on costminimisation criteria and the actual stock reflects last period's stock, adjusted for depreciation and gross investment. The economy is assumed initially to be in long-run equilibrium, where desired and actual capital stocks are equal.
The AMOSENVI model is also configured in order to incorporate population updating through a migration function of the Harris and Todaro (1970) type, and parameterised on UK econometric work by Layard et al. (1991) . We assume that there is no natural population change but, as in Anson and Turner (2009) and Hanley et al (2006 Hanley et al ( , 2009 , labour forces adjust through migration, where in any period the decisions of migrants are positively related to the gap between regional, Scottish, and national, UK, real wages, and negatively related to the gap between national and regional unemployment rates.
Alternative nested production functions [Insert Figure 2 around here]
The model adopts the general KLEM (Capital, Labour, Energy and Material) production structure allowing for substitution between KLEM inputs in different levels. Two options for the model's hierarchical production structure are illustrated in Note that in the empirical analysis below, where Case A or Case B is adopted, we assume that this production function applies to all six sectors. Within each case, it is possible to vary the elasticity at each nest across sectors. However, for simplicity we hold the structure constant across sectors in the analysis presented here.
In Case A, illustrated in Figure 2 , energy is positioned with the other intermediates input allowing for substitution between energy and non-energy (or materials) in the intermediate composite input. Capital and labour combine in the value-added composite. Output is then produced by the combination of these two composites (EM+KL). This specification corresponds with that employed in our previous analysis of the AMOSENVI model (see Anson and Turner, 2009, and Hanley et al, 2009) . However, the current specification differs from the previous AMOSENVI applications in terms of where imported inputs (energy and materials) enter the production function.
In Case B, also illustrated in Figure 2 , energy enters the value-added nest. Specifically, energy combines with capital and the resulting composite is then combined with labour (EK+L). The KLE composite then combines with materials in the upper nest to produce sectoral output (in a CES relationship). As noted above, it would be possible to have energy enter attached to labour or to a labour-capital composite. Case B is chosen here because of the importance attached to energy-capital substitutability/complementarity in the literature.
In both cases, energy inputs are a combination of first locally produced energy and energy imported from the rest of the UK, RUK, and then between the UK composite and energy from the rest of the world, ROW. The Armington elasticity of import demand in all cases is set at the value of 2.0, as is the price elasticity of export demand for the outputs of all sectors (Gibson, 1990) . In this section we present results from simulations of an illustrative one-off 10% step increase of 10% in export demand from the rest of the UK (RUK) for the outputs of the Scottish Energy sector. That is, RUK export demand rises by 10% in year one of the simulation and is maintained at the higher rate throughout. While this particular export demand shock is used simply for illustrative purposes, such a demand shock is possible it is possible given that Scotland exports electricity to other UK regions through the interconnector system.
5 See Turner (2008 Turner ( , 2009 ) for a comprehensive sensitivity analysis of the importance of both import and export elasticities in governing the impacts of an increase in efficiency in the use of energy in production in the Scottish and UK economies.
As explained in the previous section, the results reported in the paper focus on two cases:
Case A, where energy enters the intermediates block, and Case B, and where it enters the value-added block combining first with capital. This is sufficient to demonstrate that the point of entry is important. In each case the impact of varying elasticities of substitution at three nests of the production function are tested (indicated with arrows in Figure 2) , with summary results of each of these reported in Tables 1-3 for Case A and Tables 4-6 for Case B. For example, Table 1 gives the changes in key economic variables as the values of the elasticity of substitution between K and L is varied in Case A. In all cases the default/central value for all elasticities of substitution in production is taken to be 0.6. Elasticities of substitution between imported energy and materials are assumed to take the value of 2.0 throughout and are not subject to sensitivity analysis (see Turner, 2008 Turner, , 2009 . A key point to note is that the prices of import goods are exogenous and therefore fixed, so that any relative price change arises from changing prices of capital, labour and domestically produced energy and materials.
In an initial base run of simulations (shown in the 0.6 column of Tables 1-3 for Case A and   Tables 4-6 for Case B) we confirm that if all elasticities of substitution in the nests where capital, labour, energy and material combine are set at the same value the results are not sensitive to the choice of the KLEM production function between Cases A and B. This base case was run for a wider set of production function specifications, not reported here, but the simulations confirmed the same outcome. This is because the CES functions for these nests effectively collapse to a single nest with a single elasticity of substitution between all four inputs. Essentially, this result simply highlights the fact that the hierarchical structure of the nested production function allows for variation in the degree of substitution between inputs.
However, where such variation is not imposed, the nested structure is irrelevant.
The next question, then, is what happens if different values are imposed at different levels of the nest? We begin by taking Case A, the KLEM specification assumed in previous applications of AMOSENVI, where energy enters the production function through the intermediates block (i.e. combining first with materials). This is the approach adopted in previous applications of AMOSENVI to the Scottish economy (Anson and Turner, 2009; Hanley et al., 2006 Hanley et al., , 2009 , who argue that this is appropriate given that energy is a produced input and not an element of value-added. 6 The lower and upper values for the elasticity of substitution at the different KLEM nests are taken to be 0.2 and 1.2. These are the E-M, EM-LK and L-K nests in Figure 2 .A. The default value is 0.6 in all three nests. The elasticity at each nest is then varied in turn across this range. Thereafter, the same procedure is repeated for Case B, where energy is introduced as a direct substitute for capital in the value-added nest.
In these simulations, we relax all long-run supply constraints. That is, we allow both capital and labour stocks to fully adjust in the long run. Given linear homogenous production functions and our migration and investment assumptions, this implies that there is no longrun impact on input prices from the exogenous demand shock. Here we report the short-runthe first period (year) after the demand shock is introduced, where labour and capital stocks are fixed, and the long-run, once labour and capital stocks are fully adjusted. It would be possible to report period-by-period results to track the adjustment process. However, for simplicity, we focus on the short-and the long-run. The economy is taken to be in long-run equilibrium prior to the demand disturbance, so that when the model is run in the absence of any disturbance it simply replicates the initial equilibrium. The results reported in Tables 1-6 and Figures 3-6 refer to percentage changes in the endogenous variables relative to this unchanging equilibrium. Thus, all of the reported effects are directly attributable to the exogenous export demand stimulus to the Energy sector.
Long-run results (all cases) [Insert Tables 1-3 around here]
It is useful to consider the long-run results first. Given that all supply constraints are relaxed in the long-run, there is no change in prices over this time interval. This implies that there is no long-run change in the cost minimising supply techniques reported in the simulation results given in the final column of Tables 1-6. The long-run results replicate extended demand-driven input-output results (McGregor et al, 1996) and are independent of elasticity values or the nature of the production structure. In all of the cases reported in Tables 1-6 , the results show that the long-run impacts of the external demand shock are a boost in GDP (0.28%), investment (0.32%), employment (0.19%) and household consumption (0.13%).
Activity (and capacity) levels are boosted in all sectors, particularly the Energy sector as the direct recipient of the stimulus (where capital stocks and employment both rise by 3.8%). In the long-run, with no constraints on supply (so that the general equilibrium supply curve becomes horizontal in the long-run, though the demand curve remains downward sloping), there is no lasting impact on prices anywhere in the system, with the result that the simulated impact is not sensitive to the values assigned to elasticities of substitution imposed at each nest in the production function.
[Insert Tables 4-6 around here]

Short-run results: Case A Energy as an intermediate input
However, in the short run, where capital stocks are fixed in each sector and total labour supply is fixed (though workers can move between sectors and employment can change through changes in the unemployment rate), there is crowding out of activity and prices of all inputs are pushed up. The increase in the real wage rate is limited by the presence of a pool of unemployed labour, while the capital rental rate increases more significantly, particularly in the Energy sector where the demand stimulus is targeted and where production is capital intensive. The price of the local intermediates (EM) composite is pushed up depending on (a) how energy-intensive production is and (b) the ratio of locally supplied intermediates (where prices are rising) to imports (where prices are exogenous).
However, the extent of short-run crowding out also depends on how easily production sectors can substitute between inputs, and the relative substitutability of different inputs. We focus our analysis on the sensitivity of GDP (Figures 3 and 5 ) and total energy use in production (Figures 4 and 6 ) to the variation in substitution possibilities.
[Insert Figure 3 around here]
First, Figure 3 shows the impact on the change in GDP when we vary the value imposed on the elasticity of substitution between E and M, EM and LK, and L and K in turn (where 0.6 is taken as the default value on parameters not being tested in each case). Three basic points can be made. First, all the curves go through the same point when all elasticities of substitution are set at 0.6. Second, the variation in results as the elasticity of substitution varies at different points of the production function differs not just in magnitude but also in sign.
Third, the biggest (and positive) variation in the change in GDP comes through changes in the elasticity of substitution between capital and labour. This is because capital is fixed in the short run (total labour stocks are also; however, there is a pool of unemployed labour that firms may draw on. As this elasticity increases it is easier for producers to substitute labour for fixed capital. This limits the increase in the capital rental rate in the energy sector as more labour moves into the Energy sector, allowing greater expansion in response to the increase in export demand (the opposite is true in the non-energy sectors not directly impacted by the demand shock).
On the other hand, the size of the GDP impact is negatively related to the value of the EM-LK parameter. The percentage increase in the price of value added is considerably greater in all cases than the price of intermediates, with the implication that the more substitutable intermediates are for value-added, there is greater substitution away from the latter in the short-run (though, within the intermediates block there will also be substitution away from domestic production in favour of imports -see below). In terms of the point where energy enters the production function (the issue that is the cause of much debate in the literature),
here where the energy composite combines with materials in the intermediates block, Figure   3 highlights the fact that this parameter has little impact on the results for the aggregate indicator of GDP.
Indeed examination of Table 3 shows that the value of the elasticity at the E-M nest has an almost imperceptible impact on the main economic indicators. The substitution of other, nonenergy intermediates has a small aggregate effect because this process is only off-setting a small increase in total costs (given that energy is generally only accounts for a small share of total inputs.
Varying the elasticity at the E-M nest has the most impact on the use of energy in production.
However, given the increase in the price of locally produced energy has risen (driving up the composite price of energy) means that there is substitution in favour of (a) imported energy (note that in all cases in Tables 1-3 , the biggest increase in energy use is imports from RUK), the supply of which is elastic, and (b) non-energy intermediates (M), the local supply of which, as with local energy, is affected by the short-run fixity of labour and capital. The latter has the implication that the increase in production use of composite energy and of local energy is negatively related to the size of the elasticity of substitution between E and M, while the former has the implication that use of RUK energy is positively related to the value of this parameter. The increase in imports of ROW energy decline as this parameter increases because of the smaller in the price of composite UK energy as there is more substitution away from local towards other UK energy. It is important to note that this result is a function of the way imported and domestic energy have been nested in the KLEM production function.
[Insert Figure 4 around here]
Nonetheless, Figure 4 highlights the fact that the energy use in production (as with total energy use) in response to the demand shock simulated here is not hugely sensitive to the value imposed on the E-M parameter. On the other hand, total energy use in production is more sensitive (and positively related) to the substitutability between intermediates and value-added (EM-KL), given that the price of the KL composite has risen by more (due to the increase in the capital rental rate). Similarly, energy use in production is also more sensitive to the substitutability between labour and capital, where there is some excess capacity in the case of labour allowing greater adjustment in production activity the short-run the easier it is to substitute in favour of labour.
Short-run results: Case B Energy in value-added (L+KE)
Next, we examine same exogenous demand shock under an alternative specification of the nested production function. We take Case B, where energy is introduced to the production function as a direct substitute for/linked to capital. Again, the default elasticity of substation at the different nests where the KLEM inputs combine is 0.6. These are E-K, EK-L and LEK-M nests in Figure 2 . The elasticity at each nest is then varied in turn across the range 0.2 to 1.2.
[Insert Figure 5 around here]
Generally, the important point to note is that introducing energy at the same nest as capital has quite different impacts in the short-run. Figure 5 examines the relative impacts of varying the elasticities at the different nests of both production functions A and B on the change in Scottish GDP as a result of the demand shock to the Energy sector. This figure shows that the value attached to the elasticity of substitution at the point where energy enters the production function (which, at the E-M nest was the least important parameter tested in case Case A) now becomes a much more important parameter (on the E-K parameter in Case B). Figure 5 shows the GDP results remain most sensitive to the K-L substitutability in Case A. However, Table 4 and Figure 5 demonstrate that in Case B the elasticity with which energy combines directly with the fixed input capital (represented by the unmarked line in Figure 5 for GDP) is very influential on the results for this and other macroeconomic indicators. The capital rental rate rises markedly, as does the price of locally produced Energy and the energy composite overall, but by less as the substitutability in favour of energy and away from (at this point) fixed capital grows (given the fixity of capital, this substitution away from capital allows output to rise by more).
Moreover, Table 4 shows that as the substitutability in favour of energy as an input rises, the E-K parameter has the greatest positive impact on production use of energy (across both Cases A and B and least negative impact on final consumption use of locally produced energy. The case of production use of energy is highlighted in Figure 6 .
[Insert Figure 6 around here] Table 4 also shows that growth in all of the macroeconomic indicators, and all types of energy use are positively related to the value of the elasticity at the E-K nest. On the other hand, comparison with Table 5 shows that the greater the substitutability in favour of labour (which is not entirely constrained, given the presence of unemployed labour in the base year) and away from the EK composite (with its fixed component) there is greater GDP growth, but smaller increases in energy use. However, as highlighted in both Figures 5 and 6 below, generally the model results are less sensitive to the value of the elasticity of substitution between KE and L than between K and E. This is particularly the case with respect to production use of energy in Figure 6 , where we see that the EK-L parameter has the least impact in Case B and only slightly more impact than the E-M parameter in Case A.
However, the key point to note in Figure 6 is that while total use of energy in production is least sensitive to the E-M parameter where energy enters the production function in Case A, the E-K parameter (where energy enters in Case B) is the most important determinant of energy use in production tested here.
In Table 7 , we offer an additional set of sensitivity analysis. In contrast to the systematic variation of elasticity values at each nest in Case A and Case B, in Table 7 (while it is not reported here, we have found that the standard deviation is higher in other cases where energy enters to combine with value-added more generally -i.e. combining directly with labour or with a labour-capital composite). Now, it is important to note that the variability in results for energy use in production is significantly greater than that for GDP in both cases. This is not surprising given the focus of the shock stimulated, which is directly targeted at the energy-intensive energy supply sector itself. However, it is important given that CGE models which separately identify energy as an input within a KLEM production function are likely to have been developed to look at issues which focus on energy use.
Thus, the random sensitivity analysis in Table 7 would seem to be consistent with the systematic analysis summarised in Figure 6 in so much as energy-use in production is most sensitive to the K-E parameter in Case B, followed (but not so markedly) by the LKE-M parameter.
Summary and conclusions
In this paper we have examined the impact of imposing different separability assumptions in the specifications of the standard hierarchical KLEM production function in a computable general equilibrium (CGE) model, using the Scottish AMOSENVI CGE modelling framework as a case study. The appropriate specification of nested production functions in CGE models, and associated use of 'separability assumptions', has been the source of debate in the literature for a number of years. We note that while modellers often subject their model results to sensitivy analysis with respect to the values associated with elasticities of substitution between inputs, it is rarely the case that the structure of the production function is subjected to testing.
In this paper we attempt to redress this gap in the literature. We specify two alternative nested KLEM production structures in a CGE model calibrated on Scottish data and test the impacts of doing so on the results of a simple demand disturbance, where we have an increase in export demand for the outputs of the (relatively energy intensive) Scottish energy supply sectors. The rationale for introducing a demand disturbance is that it is a very basic shock and relatively easy to conceptually work through a general equilibrium model. Specifically, in the absence of any constraints on supply, the CGE simulations of a demand disturbance should produce input-output type results over the long-run, with prices returning to their pre-shock levels. With no long-run run change in relative input prices, the impact on macroeconomic variables should be the same regardless of the nesting of the production function. Our preliminary results are consistent with this reasoning. While we do not report period-byperiod results here, the difference in short-run results suggests that adjustment path of the economy to the new long-run equilibrium will sensitive to the particular nesting of the production function. However, it is important to note that if a lasting supply constraint were imposed on either labour or capital, the long-run equilibrium of the economy would also be affected by the nesting structure.
A key finding in our analysis is that, as well as the magnitudes of the substitution elasticities, the point at which energy enters the production function has a significant impact on model results. However, this is only where there are (a) differences in elasticities at different nests;
(b) relative price changes. Therefore modeller judgement with respect to substitution possibilities between different inputs is key. The analysis in this paper demonstrates that introducing energy at different points in the KLEM nested production function does have implications for the stability of results.
One conclusion that can be drawn is that it must be a priority for modellers employing KLEM production functions to econometrically estimate the appropriate structure and parameter values for nested production functions for different production activities/sectors in the economy of interest. 
